Usually compression reduces interatomic distance, and ultra-high compression might cause core overlap and leads to failure of the pseudopotential. However, the peculiarity of dense hydrogen is that the situation is just the opposite: the external pressure in fact compresses the inter-molecular space (or the van der Waals space) rather than the intra-molecular space, and the resultant dissociation of H2 units leads to a larger nearest-neighbor (NN) distance, instead of the usually expected shortening of the NN distance. This unusual behavior of dense hydrogen has well been documented in Refs. [1, 2] . In particular, the variation of the NN distance of monatomic hydrogen at ultra-high pressure regime has explicitly been given in the Fig. 14 of Ref. [2] . At higher pressures, for example the highest pressure of 7.3 TPa we have considered in this paper, the NN distances for the competing ground state of FCC and BCC phases are 0.78 and 0.76 Å, respectively. Both are slightly larger than the H2 bond length of 0.74 Å at ambient conditions. This exceptional phenomenon guarantees that whenever a pseudopotential can be applied to low-pressure hydrogen, it also can safely be applied to dense hydrogen up to terapascal pressures. 
peculiarity of dense hydrogen is that the situation is just the opposite: the external pressure in fact compresses the inter-molecular space (or the van der Waals space) rather than the intra-molecular space, and the resultant dissociation of H2 units leads to a larger nearest-neighbor (NN) distance, instead of the usually expected shortening of the NN distance. This unusual behavior of dense hydrogen has well been documented in Refs. [1, 2] . In particular, the variation of the NN distance of monatomic hydrogen at ultra-high pressure regime has explicitly been given in the Fig. 14 of Ref. [2] . At higher pressures, for example the highest pressure of 7.3 TPa we have considered in this paper, the NN distances for the competing ground state of FCC and BCC phases are 0.78 and 0.76 Å, respectively. Both are slightly larger than the H2 bond length of 0.74 Å at ambient conditions. This exceptional phenomenon guarantees that whenever a pseudopotential can be applied to low-pressure hydrogen, it also can safely be applied to dense hydrogen up to terapascal pressures. This observation was further confirmed by detailed analysis given in Ref. [6] . Our simulation cells always contain 432-500H atoms, depending on the structure. They are large enough to eliminate possible size-effects. The perfect match of the melting temperatures calculated by the Z-method and the two-phase method justified this argument. Usually the former is much more prone to finite size effects and the latter is less sensitive to the cell size, as revealed by plentiful empirical experiences. On the other hand, our previous simulations showed that the convergence of the k-points is much more important than the size-effects for the cell size we used 4 . Figure S1 demonstrates the influence of different size of the k-point mesh on the melting temperature of Z-method. A good convergence is achieved with a 3×3×3 mesh, with
an error of about 10 K in the resultant melting temperature. In AIMD simulations, to trigger a melting process is a rare event. It is thus crucial in Z-method that the system is fully equilibrated and is ergodicity before a melting point can be assessed. The equilibration in dense hydrogen is actually very fast. As shown in Fig. S2 , the system equilibrates within 0.1 ps. This is due to the high vibrational frequency of hydrogen and the strong anharmonicity as revealed in Ref.
[2]. The melting is initiated with a longer time, which requires about 0.25 ps (Fig. S3 ), but is much shorter than the typical time length of AIMD simulations we performed.
The melting process leads to a redistribution of the energy between the potential and kinetic components, as revealed by the jumps shown in the Fig. S3 . The variation of the mean squared displacement (MSD) and radius distribution function (RDF) of dense hydrogen at 3 TPa along the Z-curve before and after the kink are shown in Fig. S4 . A typical liquid behavior is observed at 470 K, which is immediately after the kink where the lattice collapses. Previous investigation revealed that dense hydrogen might transform into a mobile anisotropic state that is not a real "liquid" 4 . Here we analyzed the particle distribution carefully, and failed to find any anisotropy. This confirms that the transition is indeed a melting. Fig. S6 . It is necessary to point out that for the cell size we employed here, it is very difficult to maintain the two-phase equilibrating interface for a long time. Usually the system will evolve towards the solid or liquid phase quickly.
Nonetheless, the uncertainty in the melting temperature introduced by this feature is less than 20 K, which is good enough for our purpose.
